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Report No. 8926-087

Materials - FPinishes and Coatings - Anti=Galling -
For Titanium Fasteners

Beizure Characteristics

Abstract

The number of turns required to cause 1/2 {nch hexagonal Ti 6A1-4V.nuts

to seize on 1/2 x 3 inch, M8 20008-43 type, T{ LAl-UMn dolts undar a
tension (axial) load applied to a nut and bolt assembly vas used as a
comparison criterion. Uncoated, fluoride-phosphate (Titanium Metallur-
gical Iaboratory Memo, date 30 October 1956), Ti-Oxide anodic ‘reated

(Ban Diego Plating Co., San Diego, California) Hardaz anodic treated
(Anachrome Corp., South Gate, California), Electrofilm 66C (baked epoxy
resin - riolybdenum disulfide finish, San Diego Plating Co.), silver- and
nickel-plated (8teel Improvement and Porge Co., Cleveland, Ohio), and heat
treated (1000°F, 4 hours in air, air 2onl) nuts were trested., The test
reanlts showed that nuts vhich were silver-plated or elsctrofilm coated
were about equal to each other and superior to the other surface treatments
in res{sting galling. Thr anodic treatments used had the greatest tendsncy

for seiaure, in some cases pgreater than that of the bare nuts used as a
ntandnrd of comparison.

Reference: Reschsn, R. R., Keller, E. E., SButherlsnd, W. M.,
"Ti{tanium Ant1-Galling Treatment for Threaded
Ansembly,” Genernl Dynamics/Convair Report MP 53- y
287, 8an Diego, California, 22 December 1958, oL,
(Refrrence attached.)
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S 1% Polts: - Type B4, 3/2® x ¥ ttte;x{im. éoxu vith the oonnmtm of the type

e o S gy e LI o

rt M. MpP-58-28

Titanium » O Treatment
for Threaded Assembly - RLA

r’} T '}’EX“\'\

Lo determine the torque-tension relationship and rallling characteristics of titemfun
b, bare and as surface treated by seven.different precesses,vhen installed op
vare titenium bolta.

.
-
.

. .

CONCLYSION: S

“ents ghor that silver plating on titantum and electrofilm S6C per Comvalr Specifie !

cevion 0=05000 are two surfaze treatmente which will sreatly reduce any galling

aor nclzu'r.“ of titenium nuts to bare titanium bolts. MNickel plating on titanium,
hent trerting of titanium et 1000°F for four hours, and the Hardes Process anodie
“reatwent: by Anachrore Corp. are three surface treatmcntl that are no detter, and
n none inctances less yepistant to gallinz than bare to bere titantum myt and bolt.

Yhe flucride~-phosphate treatment for titanium amd the Ti-oxide anodic treatment by
Gon Dlegs Flating Co. are about equal and suahtl.y mre resistant W0 wllne than'

the rare mut uged as o stendard. -, . .
TEST SPECIMEN: o o« L

M3 20008-%3 for steel toltee :

~

0. Yafewn:- Type 64, 1/8" x 7/3" hexagonal titanium vafers processed along vith

the muts. VWafers vere used as & standard to measure any dimenntoml
incrcase Or decrease of titanium muts due to process treetmeri.

;{, Hu te: - Type 6L, 1/2" titanium bexsgonal puts vere pmcnud Uy esch of ﬂn
: " golloving pethods: o .

'a)' Eipght _;\gg titantum. Buts = » 20 pm«ulng,nud 2 ¢ stemdard.

. b) 'Emn% nIts snd tWo vafers proc-sscd by the Yiuoride-Ploesphate
*  chemieal conversion method es outlined in the Pattell, memo of

10-30-5G. Processing dam m uw mumu sl Processes .
_Mmratory .

. a) mmt mtas and two vﬁerummmwmﬂe tn-uhmt!v
“: . -the San m@m Plitlng Co. ,._“ .

4) Eight outo and B wafers procoued ty the Anachrome. Oorp., Bouth
L Caﬁe, Lalif. and given the liardas Proecess ampdic treatment, ’

e - ._M -5 im %Mtaniun a.uoy B DU
Piln - B Al-&h 's? " P S ot T

THoe s




ey rAGE 2
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o DATE 12-22-58

T_SPECTMAN: (Contimued)

e) Elght nuts ond “wo wafers Zlectrofilmed 66C per Convair Bpecifice~
tion 0-05000 by the San Diezo Plating Co.

£) 7Two silver-plated ruts procossed by the Steel Improvement and
Forge Co. of Clcvelend, Ohin. Silver plate thickness .0005 1in.

8} ®wo nickel-plat~4 ruts procassed by the Cteel Improvement end
. " Porge Co. of Clowvnlend, Ghin. HNickel plate thickness .0005 inm.

. B} Threc titanlum ruts and one wefer heat treated at 10C0°F for four
hours end reamved from Aagrvace ard air eocoled. Heat treatmenmt
dong by Materiels exd Foceages Motallurgical Heet Treat Lad.

A opaciel 313 vee 0Omatructof (Fig. 1) which tould persit the mounting of

© the 1t end mut ou the Tin'us Clsen Universel Testing Machine, Shorely proe
viding & means of apply’ng o tersion load of 10,000 lbs. for the start of

© each teet. This load was vsed es the starting potat defure doimg eny torgaws
frg of the mt with & hend toreve wivemh., .

" %he owgue wrench was applicd €0 tha gut emd rotated 0 the right thaough @
© 90° arc.e AR this seme 2ime the grentest torgra in fielba ahovm on the
wrerch dal ves recowdet. "The load shirm on the Tinive testing mechine vae
alsc Teouzded. AR %his pofnt the vremnch was tatked Off 0° W the ctartiag
gosition. BEreak torgue was recorde:l enl eluc tensiom shown on the test e
rebine vas reoorded when thz vrench geathed the gtarting positiom. .
-Tha #larting lood of 10,000 lbv: was then agair applied %0 the J1Z mfore
orquaing the nut the seoord, third, fourth, ote. times. This procedmre -
wno tepeated until in some “eete Seisure OF ¢wtrem® £2lling of the muf oA L.
0l threeds vao evident. .
A oy cadnium plated etetl vasher vid insertc! between the trewated mot and
oteel plate coth time @ Wented nut vas testeds (Fic, 2)

fae 00 the shortegw of titenfus: bolle, Swo m:%e were tested On ench tmlt,
(ne ot the chemk end of the bolt arml then oo et the very end cof the tmit, 1

53100 O - ‘ ) '
y st Ialln ere 1oted 19 Table B erﬂ.ﬁm £7wphisally im Pigure 2.

° .
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nEvisko sy MOOEL REA 028
DATE 10.22-.58
AR I
Toat No. of Ft.lbs.Torque »Pt.lbe Break- Tension Ioced Tension load
Ho. Bpecimen FRotations  Required aray Torque  Reoorded Release
1 Pare Mt 0.5 20 Seizure « 1lt Fractured vhen becked off
3 Fleetrofilam
66c 1 0 X 1,200 .-
2 3 » 11,200 - e
| W8 X 11,230 o o
b 50 » 11, 500 oo
. 5 55 kS )1,860 ® =
6 65 0 11,600 oo
7T 5 55 1,560 .o
Test stopped at this point.
3 Mectrofilm
i 66C 1 %) 25 11,595 8,800
2 ] X 1,30 9,500
e ” p . n’ﬂ 9)”
50 * g nam . 90&
, g . u‘w 90
é L)} 1,50 9,3
7 [\ 50 1,90 300
- ‘Test stopped ot thie polnt.
0 Flectrofila
66 1 50 » 11,650 9,500
2 0 ko] 2,800 9,400
a z a . 11,550 9,100
. n,m . 9'-m
.8 . 60 b3 12,000 9,550
6 90 %5 12,250 9,000
7 3 (2s] 12, k00 9,000
8 8s 90 12,100 , 9,950
9 95 63 12, 00 9,650
10 90 95 11,500 9,950
11 100 90 11,600 9,800
12 100 95 . 11,85 9,900
1) 310 100 © 11,900 9,950
1k 1s 100 11,900 9,90
15 . 120 100 11,800 9,800
16 120 100 11,800 9,900
1 12% 310 11,800 9,800
1 12% 0 i, 700 9,8% ,
19 1Y et gtoppod o sefzure of mut and bolt

at this point.

70N Vo184
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TARLE I (CONTINUED)

1000°F

No. of Ft.lbs.Torque PFt.lbs. Breake Tension load Tenoion Load
l!o. Specimen Rotations  Required svay Torque Recorded Release
5 Electrofilm
56C 1l ) 0 11,600 9,400
2 4o K V] 12,000 9,&
3 45 25 12,100 9,
4 50 3 12,30 9,900
5 60 Lo 12,400 10,000
6 65 o 12,200 9,900
T 65 0 12,3%) 9,900
8 ] 55 12,300 9,900
9 85 60 12,200 10,000
10 9 60 12,100 9,900
1 90 0 12,100 9,900
12 100 90 12,000 9,900
13 100 100 12,000 9,900
1h 110 100 12,000 9,900
15 120 100 12,000 9,900
16 10 110 " "
17 130 120 " 10,100
18 10 120 11,800 9,900
19 10 130 " "
X 10 130 " »
2 150 10 11,700 -
2 150 130 " *
23 150 10 " .
24 160 140 * .
25 160 130 " *
26 160 140 " 9,800
27 10 10 * 9,900
28 17 150 . "
29 180 150 11,600 "
X 180 150 11. 12,500
a 0 Test stopped - seisure of mut and WIS
at this point.
6 HMeckel b iy 110 10,850 v
Plated Test stopped - seiszure of nut amd Wit
st this point.
T Hickel 1 200 150 10,600 9,600
Plated 2 - Stopped - seizure of mut and btolt.
8 Heat Treated 1 200 Stopped - seizure of nut and bolt.
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PREPARED 8Y R. Reschan SAN DIEGO REPORT NO. MP=-58-287
CHECKED 8Y B. B. Kbller mooxL REA 7028
REVISED BY pare 12-22-58
TAILE I (CONTIMUED)
¥o. of Ft.lbs.Torque Ft. lbs.Break- Tension load Tension Load
No. Spec Rotations  Required awey Torque _ Fecorded Release
9 silver 1 80 2 11,000 9,150
Plated 2 90 ko 1,250 9,’+50
3 9 0 11,400
4 90 90 1,350 ,850
5 100 80 11,300 9.850
6 110 180 11,35 10,000
7 110 %0 1,200 9,950
8 120 100 11,250 9,990
9 120 100 11,250 10,000
10 130 100 11,150 9,950
1 130 110 11,150 9,950
12 13 120 11,200 10;000
13 10 120 20,800 9,605
) 13 120 10,850 9,700
1] 1o 120 11,100 9,950
15 o 120 11,150 9,
17 140 120 1,25 9,0%
18 U0 130 11,250 9,850
19 145 10 1,1% 9,950
2 150 o 1,150 9,900
a2 150 130 11,200 10,000
2 3 130 11,050 9,950
23 150 140 11,300 10,000
2k 155 140 11,100 10,000
25 160 10 1,05¢ 10,000
26 160 1k0 12,300 9,800
27 160 1%0 " 9,700
28 170 150 " 9,800
29 180 150 " 9,700
A 180 160 12,300 10,000
32 200 Seizure of mut to bolt.
10 Silver 1 90 50 11,170 9,660
Plated 2 70 ko 11,280 10,000
3 0 50 11, 3%0 9,640
4 0 558 lul,ig g.
2 T » t]
6 80 60 1,340 9,860
7 80 60 1,580 10,08¢
8 8y 60 1,200 9,860
9 9 65 1,220 9,700
10 90 673 ]J.g,gko g, 120
n w ? 2
12 95 (] u, 9,333

rORC iota -4
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T I {CONTINURD)

Teot No. of Ft.lbs.Torqie Jt.lbs.Breake Tension Load Teus v/

1. Specimen Rovations Required _ ewvay Torque Recorded n.li:nmm

1N 231lver Plated
{Sontimed) \

Boo® o r BE i
239 ;
15 100 1% uifgg 9,600
‘ sare Wut 1 150 130 10,500 8,800
i 2 150 l‘% " 8,600
g 3 150 1 11,000 9,500
; i 160 2.%0 11:300 9:700
5 160 10 11,400 9,700
6 200 200 Beizure of mut and bolt.
¢ 3. THardas 1 200 bY 11,300 9,400
raodic 2 190 170 11,300 8,500
Treatment 3 190 %70 11,800 9,30
4 200 180 12,000 9,500
5 200 170 12,000 9,500
6 200 b 12,000 9, 500
Stopped Test = galling of nut and
bolt from the start.

13 Fluoride- 1 150 140 11,000 9,100
FPhosphate 2 160 150 11,300 9,500

- Treated 3 170 150 11,500 9,600

; M 180 160 " 9,700
5 . 180 170 » 9,600
6 180 170 " 9,500
1 180 150 " . 9,600
8 180 170 " - 9,700
9 200 Beizure of nut and ®olt.

13 Fluorile= 1 150 1% m,& 9,100
Phosphate 2 160 150 10, 9,10
Trested. 3 1M 150 10,800 9,150

L 170 150 10,950 9,600
5 1 1£0 11,000 9,900
6 1 200 10,900 Beisure of

POkL 1n A
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TAZLE T (CONTINUED)

Test No. of Ft.lbts.Torque Ft.lbs.Break- Tension load Tensiovn Load
lio. Specimen Rotations Required avay Torque Recosded Release
15 Ti-0ocdde 1l 110 TO 11,150 9,150
Treated 2 120 200 11,250 9,500
3 130 110 11,250 9,600
4 140 120 11,150 9,650‘
5 140 120 11,250 9,65
6 150 13 11,250 9,950
T 150 130 11,150 10,0C0
8 150 160 11,050 Seizure of
nut and bolt.

rofns 1813 =4




